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FOREWORD

This report covers the period 16 December 1973 through
15 June 1974. 'The efforts réported herein were sponsored by the
Air Force Flight Dynamics Laboratory (AFFDL) under joint manage-
ment and technical direction of AFFDL and the Air Force Materials
L Laboratory, Wright-Patterson Air Force Base, Ohio.
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This work was performed under contract F33615-73-C-3001

& "Advanced Metallic Air Vehicle Structure" (AMAVS) as part of the
b Advanced Metallic Structures, Advanced Development Programs

(AMS ADP), Program Element Number 63211F, Project Number 486U.
John C, Frishett, Major, USAF, is the ADP Manager while Mr.
Charles R, Waitz is the Project Engineer for the AMAVS Program.
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3 Principal Convair contributors to this report were: §
;g C. E. Hart - Program Manager g
3 R. C. Bissell - Deputy Program Managex 4
4 E. J. Bilhartz - Quality Assurance %
k. E. K. Hensley - Design and Structures :

J. W. Jennings
J. L. McDaniel

Information Transfer
Manufacturing Engineering

o Dr. H, I, McHenry - Fracture and Fatigue Analysis
L R. E. Miller - Stress Analysis

i W. O. Sunafrank - Manufacturing Engineering

4 J. M. Shults - Materials Engineering

b A, F. Stern - Structural Design

- W. M. Walker - Test Coordination

- D. Clayton - Full Scale Test Planning

This work was performed during the period 16 December 1973
to 15 June 1974. It was submitted by the authors in June 1974,
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This technical report has been reviewed and is approved
for publication.
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ABSTRACT

This report covers the design, analysis, manufacturing and
testing done during the last portion of Phase II, detail design,
and the first portion of Phase III, Fabrication, of the Advanced
Metallic Air Vehicle Structure (AMAVS) program. All drawings for
the wing carrythrough structure, simulated fuselage and test
B fixture were completed and significant progress was made in
manufacturing each of these items.

b A weight reduction effort was necessary in order to meet
B the weight reduction goal for the wing carrythrough structure

? after incorporation of the updated loads data. This effort has

i been completed and was successful.

&

j% Delivery of material for manufacture of the wing carrythrough
i structure is complete except for the 10 Ni steel for the upper

3 lugs.

g Manufacturing processes successfully completed include flame
i cutting of thick plates of 10 Ni steél and beta annealed 6A1-4V
I titanium, Electron Beam (EB) welding of both of these materials,
i; Gas Tungsten Arc (GTA) welding of 10 Ni steel, machining of

1% 10 Ni steel and 6A1-4V titanium and bonding of titanium sandwich
3 panels, Most tooling for detail parts is complete and the

i assembly fixtures are complete.

i Assembly of the simulated fuselage structure was started
H and is scheduled for completion in July 1974. All of the test
i fixture will be completed by December 1974.

Additional materials and component testing has been approved
as an addition to the original contract. Plans for these tests

% have been made and some tests are being conducted. All materials
b and component testing authorized by the original contract has been
e completed.
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SECTION 1

INTRODUCTTION

This interim report summarizes the accomplishments of the

Advanced Metallic Air Vehicle Structure Program from 16 December i
1973 to 15 June 1974, This work is part of the Air Force's 2
Advanced Metallic Structures, Advanced Development Program. S
It was performed under contract to the AFFDL by the Convair .5
Aerospace Division of Geuneral Dynamics at Fort Worth, Texas. e
‘f The six months covered by this report include the last 9
I portion of Phase II, Detail Design, and the first portion of i
b Phase III, Fabrication. Tasks accomplished in Phase II were Lo
. reported in AFFDL-TR-74-17 dated January 1974 and included the E:
E following significant items: |
K 1. Revised production designs to incorporate the /%
latest updated loads and technical data from the baseline k-
airplane. .
i 2. Completed production drawings for both the Fail Safe
& Integral Lug (FSIL) and the "No-Box" Bcx (NBB) con-
7 figurations. 4
- .
b 3. Selected the NBB 10 Nickel Steel (HY180) configura- : gf
3 tion for manufacture in Phase III, .
All material necessary for the manufacture of the NBB has A
been received except for the 3-inch-thick 10 Nickel steel plate , ?
required for the upper lugs. This material is expected in July P
! 1974. g
? Manufacturing Research and Development has accomplished : %
ko significant achievements in flame cutting of both 10 Nickel steel .
- and 6A1-4V beta annealed titanium, electron beam welding of 10 §
b Nickel steel in thickness up to 1.8 inches, and in efficient ; §
g cutting, drilling and reaming of 10 Nickel steel. 3 '%
? Planning of the simulated fuselage and the NBB is substan- L0
tially complete. Tool design and manufacture is progressing in p %
accordance with the established production schedule. The lower DR
plate assembly fixture for manufacturing station number 1 is i %
complete and the assembly fixture for stations 2 through 5is in 4 g
.

work.
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Detail part manufacture of the simulated fuselage is com-
plete and good progress is being made on NBB detail parts. The
10 Nickel steel lower plate and reinforcing lugs are complete.
The Yp932 and Y992 10 Nickel steel bulkheads have beén electron
beam (EB) and gas tungston arc (GTA) welded. All detail parts
are complete for the titanium sandwich lower plate panels. The
titanium drag brace fittings have been EB welded and are now
in final machining.

Assembly of the simulated fuselage has been started and
completion is expected in July 1974. Assembly of the NBB will
start in July 1974 and completion is scheduled for January 1975.

Good progress is being made in the manufacture of the test
fixture structure. The test fixture base and the wing sweep
actuator system are complete. The dummy main landing gears are
complete except for machining of two large castings. The dummy
wings for applying loads to the NBB are in final assembly.

The upper structure continues in work with completion scheduled
for November 1974. The loading system is in work and scheduled
for shipment with the test fixture base to Wright Patterson Air
Force Base in August 1974. Testing at WPAFB is scheduled to
start in April 1975.
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SECTION 2

TECHNICAL DISCIPLINES PROGRESS

The progress made by the technical groups during the begin-
ning of Phase III, Manufacturing, is reported in this section.

2.1 ENGINEERING

The engineering functions progress for the period 16
December 1973 to 15 June 1974 is detailed below.

2.1.1 Structural Design

All production drawings for the '"No-Box'" Box wing carry
through structure were released for fabrication,

The overall assembly drawing for the "No-Box' Box, X7224001,
is shown in Figures 2.1.1-1 through 2,1.1-6. Component and
subassembly drawings except for the main landing gear and wing
sweep actuator fittings are shown in Report No. AFFDL-TR-74-17.
These fitting drawings are shown in this report.

2.1.1.1 Weight Reduction Activity

In mid-January, 1974, as the '"No-Box' Box drawings were
nearing completion, the weight of the WCTS was projected to be
approximately 13,500 lbs. This was 1000 pounds over the weight
shown at the end of Phase 1II and was considered to be unaccept-
able, As a result of this overweight condition, a weight reduct-
ion effort was initiated and resulted in the current weight status
shown in paragraph 2.1.2.9, a reduction of nearly 1000 pounds.

Forty-seven drawings were reviewed to determine potential
weight reductions. As a result of this review, thirty-five
changes were made to released drawings and weight reduction
changes were incorporated on six drawings prior to release.

The degree of weight reduction incorporated was influenced
by the cost impact. The major portion of the weight reduction
was achieved by reducing machined thicknesses in local areas.
Significant weight savings were realized bty changing the side
load fitting and two gussets on the Y§y932 bulkhead from 10
Nickel steel to beta processed 6Al-4V titanium,

No changes were made to six of the drawings reviewed because
of excessive cost for the amount of the weight reduction possible.
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2.1.1.2 Main Landing Gear and Wing Sweep Actuator Fittings

All Main Landing Gear and the wing sweep actuator support
fittings are machined beta processed 6Al1-4V titanium. The Main
Landing Gear drag strut and side brace fittings employ EB welding
of machined details.

These fittings are shown in the following figures:

X7223901 Wing sweep actuator fitting detail Figure 2,1.1-7
3950 Wing sweep actuator fitting assy. Figure 2.1.1-8
3920 MLG side brace fitting assy. Figure 2.1.1-9
3930 MLG trunnion Xp72 Figure 2.1.1-1
3932 MLG trunnion cap Xp72 Figure 2.1.1-1
3931 MLG trunnion Xp95.5 Figure 2.1.1-1
3941 MLG drag strut fitting Figure 2.1.1-1

2.1.2.1

2.1.2 Structural Analysis

General

During the reporting period the following principal struc-
tural tasks were completed or were in work:

1‘

Updated analysis of the sweep actuator support
structure and the closure rib to reflect the
effects of frictional resistance to wing sweeping.

Assisted in identifying areas where potential

weight savings could be made and performed the
necessary analysis to assure that structural integrity
was maintained when designs were changed.

Completed sufficient stress analysis to allow
structural approval of all manufacturing drawings
for the NBB WCTS and simulated fuselage.

Provided stress data for fatigue and fracture
analysis.

Performed additional finite element analysis

for local areas and component parts in order to
determine more detailed stress and load distribu-
tions and/or critical buckling loads.
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6. Performed analysis of design changes which became
necessary during the manufacturing phase arising
from tooling requirements, phvsical interferences,
and discovery of areas where strengthening or other
design improvements were needed. This effort included
both the simulated fuselage and the WCTS.

7. Made substantial progress in preparing a finite element
model of the overall WCTS as released for manufacture.

8. Participated in planning for the full scale test
program including preliminary selection of strain
gage locations,

9. Prepared the preliminary test plan for the credible
option fastener evaluation test program and assisted
in planning the material and fatigue tests.

10. Provided structural manufacturing liaison as discrepant
manufactured parts were dispositioned.

11. Transferred information to AFFDL through formal status
reports, by transmittal of computer output data and
other material as it became available, and during
informal contacts.

12. Continued or initiated miscellaneous structural studies.

Except for a few items, the accomplishments represented a
continuation of tasks begun during Phase II. Since a description
of the Phase II tasks is to be found in AFFDL-TR-74-17, this report
will deel primarily with additions or changes that have occurred
since the preparation of TR-74-17. As noted therein, it is not
considered feasible to include the large amount of analysis, but
all pertinent preliminary analysis is in the contractor's files.

2.1.2.2 Design Loads

There have been no significant design load changes incorporated
into the structural analysis since those described in TR-74-17
except for those related to pivot friction effects resulting
from moving the wing to various sweep positions. Incremental
sweep actuator loads and antirotation device loads were obtained
from AFFDL and RI during January and February 1974. A summary
of the values used along with wing sweep actuator loads derived
from wing pivot flight loads is shown in Table 2.1.2-I. Since
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the design was considered frozen at the time this data was
received, no further revisions were incorporated. RI criteria
specifies ultimate friction effects for combination with flight
loads on the wing sweep actuator support structures. On the
other hand, limit friction effects are specified for antirotation
device loads except for 1lg conditions where ultimate loads are
used throughout. The use of 1limit load on the antirotation
device accounts for the fact that some rotational restraint is
provided by a friction moment at the pin system - WCTS lug
interface.

2.1.2.3 Weight Reduction Support

An important part of the structures task was to review
the stress analysis data on hand to determine where excess
weight existed because of conservativisms or because of material
left in place for ease of manufacture. Such areas were found on
all major components of the WCTS and as redesigns were made,
additional analysis was performed to assure that sufficient
strength remained after weight reduction changes were made.
Botk manual and computer aided analyses were carried out during
the weight reduction effort. These analyses are discussed in
subsequent sections where pertinent. Copies of the preliminary
analysis were furnished to AFFDL.

2.1.2.4 Updating of Overall TNl WCTS Math Model

Because of numerous changes made during the completion of
the design, including the effects of the weight reduction
efrort, the NBB-4 series of models was no.longer representative
of the actual structure. Thus, work was begun on a new model
which would incorporate the geometry of the current WCTS as it
is being manufactured. The number of elements and nodes are
expected to increase somewhat, but the model will have essentially
the same grid fineness as the NBB+4 series with improvements
being made where feasible. All of the major components were
gridded. Element areas and thicknesses are in the process of
being determined. The panel point loads are being updated to
reflect the new node locations and the effects of wing sweeping
pivot friction. The basic procedure for determining a set of
balanced panel point loads is as described in AFFDL-TR-74-17,
Section 2 with modifications being made to allow inclusion of the
pivot friction effects on sweep actuator, pivot, and antirotation
device support point loads.
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2.1.2.5 NASTRAN Buckling Models

Numerous NASTRAN buckling models represeating varicus major
structural components were run. Additional experience with the
procedure indicated that minimum eigenvaluves could be missed
unless care was taken in specifying the range and number of
desired roots. Rerunning of upper lug modeis indicated that such
minimums had indeed been missed. For this reason and because
of changes made during the weight reduction program, final models
were run. The results are shown in Table 2.1.2-II.

2.1.2.6 Fine Grid Models

Fine grid models were used where appropriate to determine
more accurate internal loads and stress distributions.

Lower Lug Model

The first linear strain TLO model was run and the results
were used to obtain stresses and to obtain loads between the
layers of elements. The latter values were used to estimate
bolt loads for the reinforcing plate attach bolts. This model
was subsequently updated to represent the reduced weight design.
Two conditions were run, AS2000 and AS10000. 1Initial review of the
results indicated that the design is satisfactory. A sketch of
the grid arrangement is shown in Figure 2.1.2-1.

MLG Side Brace Fitting Model

As a result of the weight reduction program a more accurate
determination of internal loads for the titanium version of MLG
side brace fitting became necessary. Consequently, the fitting
was modeled with constant strain membrane elements. The inten-
tion was to use Convair frontal procedure UGO; however, because
of problems encountered in reducing the front to the limiting
value required by the program, the run was made with TN1.
Because of the complexity of the fitting, emphasis was placed on
developing a model with stiffnesses that would give reasonably
correct internal loads and redundant reactions. These values
were then used to manually compute stresses which were more
meaningful than those output by the program.

Miscellaneous Fine Grid Models

The following areas were also modeled:
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Upper forward outboard longeron to WCTS attach region.

a'
b. Lower forward outboard longeron to WCTS region.
c. Yp932 and Yp992 bulkhead upper flanges at Xp84 and Xp39.

The bulkhead models were run to ascertain the magnitude of

the flange bending stresses developed as the loads in the
outstanding flanges changed direction and to obtain loads for
analyzing support structure added to alleviate the flange bending

stresses,

Convair procedure TE7, which includes constant stress plate

and membrane elements, was used for the first two models.
NASTRAN was used for the latter models so that both buckling and

stress analysis could be accomplished.
’ 2.1.2.7 Drawing Analysis
f Preliminary stress analysis of all WCTS, simulated fuselage,
4 and miscellaneous full scale test parts was completed. Local
3 areas which were affected by wing pivot friction loads acting in
o combination with other flight loads were reanalyzed and required
B changes determined. Design changes were analyzed on a progressive
% basis as the manufacturing phase began and such changes became
?' necessary.
A 2.1.2,8 Full Scale Test Support “
1 §
o )
- Based on a review of the probable critical regions of the .g
3 WCTS and in coordination with the fracture and fatigue group, %
- preliminary strain gage locations were selected. These gages &
¢ required 450 channels. The purposes of the gages are to determine g
b stress distributions and to monitor the structure durinz the test ko
g to detect actual or impending failures. §
3 7
,; 5
- 2.1.2.9 Current Weight Status A
& ,\g
E The WCIS current weight status is shown in Table 2.1.2-III. %
é This weight is based on nominal dimensions (mid-point of 7
73 tolerance range) and shows a 9.08% reduction from the baseline %
. weight of 13764 pounds. Analysis and additional checking of the i
7 detail weight calculations is continuing, especially with regard ﬁ
gj to the miscellaneous category. @
’ i
5 %
5 &
%
4
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() NO=80X 3CX (w32)=ANVANCE METALLIC WING CAPRY THIV STRUCTURE 5
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A number of detail parts have been weighed. The earlier
parts weighed were parts of welded assemblies which widd be
subsequently machined. These weights are not being repecrted in
actual weights.

One hundred detail parts have been weighed for the box
assembly. The cumulative weights for these parts is 2958.8
pounds calculated and 2986.8 pounds actual. This is less than
one percent weight growth calculated to actual. Two of these
parts are of particular interest in comparing actual weight-to-
calculated-weight since they were machined on numerically control-
led machines.

The lower plate, X7224175-7, weighed 2446.5 pounds when it
was removed from machine. The reported weight is 2436.7 pounds for
this part. This indicates a 9.8 pound overweight condition;
however, hand finish work and deburring are in progress. The
actual weight will be revised when this work is complete.
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The lower plate bonded assembly skin, X7224173-7, which was the
first numerical controlled machined part, was weighed at 124.1
pounds., This is 4.7 pounds under the reported weight of 128.8
pounds, about 3%.
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2.1.2.10 Credible Option Weight Impact

The Air Force statement of work for the credible option
program requires that the weight impacts of the interface
changes and the gross weight increase be evaluated separately.
The following data shows those impacts for the NBB configuration:

The interface changes/load condition update affected the
weight of the WCTS as follows:

(1) Wing intrusion elimination altered the interface
loads between the WCTS and the fuselage. Outboard
longeron loads were increased.

(2) A new aft-sweep condition (160337) produced about 147%
greater torsion loads at the wing pivot.

(3) Revised fairing support requirements dictated the
use of a lug rib (X7224005) which was not previcusly
required.
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A finite element analysis of the WCTS was made for the
interface loads resulting from the above changes and a
required weight was obtained from this analysis. The

same model was run for the interface loads for the cri-

tical aft-gswep condition prior to the credible option changes
and a requirea weight was obtained. The weight required

by the new loads was 336 pounds greater than that required

for the previous loads. This data is shown on pages 2-129
and 2-130 of AFFDL-TR-74-17.

The weight of the lug rib required to support the fairing
loads is 69.6 pounds. This weight is shown in the current
weight status, Table 2.1.2-III.

The impact of the 10% gross weight increase is determined
from the current weight status by assigning an impact factor
to each major structural component as shown below. Structures
designed by fatigue requirements are not affected by the gross
weight increase in accordance with the fatigue analysis pro-
cedures for the credible option task.

The lower plate and lugs are designed primarily by fatigue
requirements. An impact factor of 1% is adopted to account for
some local stability requirements and the effect of net section
losses in some areas where larger fasteners are needed to meet
static load requirements.

Bulkhead and rib structures are designed by fatigue require-
ments in the lower portions and by stability and static strength
requirements in the upper portions. An average impact factor
of 5% (midway between zero for fatigue areas and the full 10%
load increase) is used for this structure.

The upper cover and lug structure is designed primarily by
stability considerations. A factor of 7% is used in recog-
nition of the fact that some increase in the allowable stress
will result from the thickness increases so that a full 107%
penalty is not required.

The MLG fittings, wing sweep actuator fittings and longeron
fittings are designed by a combination of static and fatigue
requirements. In general, it was not necessary to increase the
thickness of the flanges which attach to the WCTS. An impact
factor of 47 is used for these fittings.

o R S T A Iy s

FE3

The structural box miscellaneous weight category consists
primarily of fasteners. Since many of these fastener sizes are
based on uniformity of fastener sizes used in a particular joint,
an impact factor of 37 is used to acc.,unt for local size increases.
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CURRENT IMPACT WEIGHT

ITEM WEIGHT (LB) FACTOR IMPACT (LB)
LOWER PLATE 2969.2 .01 29.7
UPPER PLATE 2114.1 .07 148.0
BULKHEAD 2335.6 .05 116.8
RIBS 1231.6 .05 61.6
FITTINGS 1073.0 .04 42.9
MISCELLANEOUS 525.9 .03 15.8
TOTAL IMPACT (GROSS WEIGHT INCREASE) 414.8

In summary, the weight impact on the NBB WCTS of the
Credible Option update is:

Interface Changes 405.6 1b.
Gross Weight Change 414.8 1b.
Total Impact 820.4 1b.

Similar data is shown for the FSIL configuration on page
2-260 of AFFDL-TR-74-17.

2.1.3 Fatigue and Fracture Analysis

The fatigue and fracture analysis tasks during this report-
ing period were directed toward completion of the detail design
phase, drawing sign-out, and implementation of the fracture con-
trol plan. In addition, significant contributions were made to
the test plan for the full scale test program and to the test
plans for the credible option test programs. Preliminary versions
of each of the test plans have been published un..»r separate
covers: FZS-219, (Full-Scale Test Program), FZM-‘999 Addendum
I (Material Tests) and FZM-6054 Addendum I (Fastener Tests).

A final version of the fracture critical parts list was
distributed. This list, shown in Figure 2.1.3-1, identifies
parts at the detail level.

Fracture control requirements applicable at the assembly
level (e.g. traceability and planning approval) are specified by
the following drawing callout:

-XX contains Fracture Critical details. Retain original
detail material traceability numbers in accordance with
X7224%99.

2-39

!

%mﬂ:ﬁ&%u%w R




CNERAREY

K7224012-7 Blank Plate, Pivot Lug-Upper, Wing

Carrythrough

4021-7/-8 Web, Closure Rib - Outboard

4032-7/-8/-9/-10 Support, Actuator Fitting-Outboard
Closure Rib

4061-7 Web, Yp992 Bulkhead-Inboard, Assy. of

4073-7/-8 Cap, Bulkhead-Yp992, Lower Outboard

4074-7 Cap, Bulkhead-Yp992 Upper Outboard

4075-7/-8 Web, Bulkhead-Y;992, Outboard

4082-7/-8 Bulkhead Panel-Center, Y932, Assy. of

4083-7/-8 Bulkhead Panel- Outb'd Y;932, Assy. of

4085-7/-8 Gusset, Yp932 Bulkhead

4093-7/-8 Cap, Lower Outbd-Bulkhead Y932

4095-7/-8 Web, Outb'd-Bulkhead Y;932

4172-7/-8 Panel Lower-Xp39 to Xp84, Assy. of

4173-7 Web, Lower Plate-Center, Wing Carry-
through, Assy. of

4175-7 Pivot Lug-Lower Wing Carrythrough

4175-7/-8/-9/-10 Reinforcement-Pivot Lug, Lower ;

4181-7/-8 Beam, Y;947-MLG Drag Brace, Wing E:
Carrythrough

X7223901-9/-10 Support Fitting-Wing Sweep Actuator

3921-7/-8 Fitting, Main Landing Gear-Side Brace
Support, Outboard

3923-7/-8 Fitting, Main Landing Gear-Side Brace
Support, Inboard

3924-7/-8 Fitting, Main Landing Gear-Side Brace
Support, Upper

3931-7/-8 Trunnion-Main Landing Gear, Xy95.5

3942-9/-10 Drag Fitting, Main Landing Gear-Inboard
Beam

3943-9/-10 Drag Fitting, Main Landing Gear-Qutboard
Beam

3944-11/-13 Beam Extension, Drag Fitting-MLG

3945-9/-10 Drag Fitting, Main Landing Gear-Splice

Figure 2.1.3-1
FRACTURE CRITICAL PARTS LIST
(Revised 4-15-74)
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2.1.4 Materials Engineering

2.1.4.1 Materials Procurement

All materials were procurred for the fabrication of the AMAVS
Carrythrough Structure except the 3.0" thick 10 Nickel steel for
the Upper Surface Lugs. The three pieces on order are scheduled
for delivery in late July. The ingot for these upper lugs was
delivered to U.S. Steel's Homestead plant on 5 May 1974. It
has presently been forged into rolling slab size and is ready
for rolling into plate. The plate will be cut into three pieces
prior to solution treatment, and after solution treatment by U.S,
Steel it will be bent to the upper lug angle. After the form-
ing operation, the three plates will be aged to condition STA
(Solution Treated and Aged). The forming operation eliminates a
major machining operation that would have necessitated the
purchase of much thicker plate.

The condition of the remainder of the 10 Nickel steel plates
as received is shown in Figure 2.1.4-1., Two forged plates,
7.5" and 6.0" thick as forged, have also been received but are not
included in the photograph.

2.1.4.2 Materials Test Data Report

All the test data generated in this program is being
reported in a separate report. Interim reports, FZM-6148 dated
April 1973 and FZM-6148A dated January 1974, have been published
and submitted to the AMS/ADPO. FZM-6148A actually contains
all the test data required by the Phase Ib and Phase II program
except for a portion of the data generated on brazed specimens.
Additional testing is planned as part of the credible option task
and the test results will become part of the final test report.

A materials test plan addendum has been prepared anu submitted for
the credible option task.

2.1.4.3 Design Allowables

The design allowables for the new materials utilized in this
program were published in AFFDL-TR-74-17. This included allow-
ables for beta annealed 6A1-4V titanium, 7050 aluminum, 10 Nickel
steel and weldments in both the titanium and steel alloys.
Additional data on beta annealed 6A1-4V has allowed the expansion
of the design allowables to thicknesses up to 7.500 inches t'iick
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and these revised allowables are included in Tables 2.1.4-I.

Design allowables for the 7050 aluminum alloy as used in the

AMAVS program have also been revised and are shown in Table 2.1.4-II.
This revision reflects the latest data generated by ALCOA and

does not impact present AMAVS designs.

2.1.4.4 Brazing

Brazing activities have been terminated since the decision
to fabricate and test the'No-BoxX'Box configuration was made. A
brazing process was developed which produced large (4 ft. x 10
ft.) panels with braze joints exhibiting excellent shear strength
and resistance to stress corrosion delamination. The braze
thermal cycle is shown in Figure 2.1.4-2 with the thermal history
trace for the last 603FTB035 panel shown. The panel performed
successfully during its test and specimens removed from the
panel had good shear strength and stress corrosion delamination
registance. The results of sustained load stress corrosion
tests to determine the effects of different brazing cycles are
shown in Figure 2.1.4-3. Details of the brazing process developed
are included in AFFDL-TR-74-17.

2.1.4.5 Adhesive Bonding

Adhesive, adhesive corrosion inhibiting primer and core
splice materials per FMS-1116 have been received. A problem was
encountered with the adhesive on receiving inspection tests.

The inherent high flow of the material and entrapped air in the
adhesive film combined to create excessive flow of the adhesive

from the 1/2-inch overlap specimen. Room temperature lapshear
results were just above specification and results at 180% were below.
Examination of the specimen showed a highly porous bond line.

The peel specimens with their larger 1" wide bond area did not

show the effect. No effect was noted on honeycomb sandwich

bonding ability. The data from these tests are includedinFZM-6148A.

It was anticipated that oven aging of adhesive film after
application of the adhesive to the 1/2-inch overlap specimen
would correct the situation by reducing the flow of the resin and
driving off most of the absorbed air in the film. A temperature
of 200°F was selected and unassembled lapshear details with the
adhesive applied were aged for times ranging from 20 minutes to 60
minutes. All of the aging times produced acceptable results. The
20 minute age time was tested in floating roller peel and found
acceptable, This time has been selected for a process change to
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age zee edge members (adhesive applied) of sandwich panels which
contain 1/2" overlap bond areas. This will be accomplished prior
to panel assembly for bonding. No change will be made in
processing of the sandwich bond area.

2.1.4.6 Welding Developments

A discussion of the welding activities during this reporting
period is contained below.

Electron Beam Welding of Titanium - Murdock Machine and
Engineering Company of Texas, a Division of Lockheed Corporation,
has been sclected to Electron Beam (ER) weld the X7223941 MLG
Drag Brace Fitting. Their contract requires them to weld using
their specification LCP74-2022B which requires certification tests
be conducted for each weld joint thickness to be welded. These
tests include tensile and bend testing of welded joints along with
metallographic examination which have been successfully completed,

In order to further evaluate Murdock weldments, two test
plates were welded by Murdock for testing at General Dynamics,
Convair Aerospace Division, Fort Worth Operation. Tests include
tensile, fatigue and stress corrosion cracking resistance (KISCC)
in sump tank water (STIW) along with metallographic examination.
Figure 2.1.4-4 shows these two welded plates which are identified
as MR-1 and MR-2, This figure shows the weld side of MR-1 and
the back side of MR-2 with the weld back-up bars and weld run-in
tabs still in place. The weld schedule used for these plates
is shown in Table 2.1.4-II1 which is the same as that used for
tne joint thickness of 1.3" certified by Murdock for X7223941.

Figures £.1.4-5 and 2.1.4-6 are layouts of MR-1 and MR-2,
respectively, showing where all test specimens are located. In
addition, the layouts also show the results of ultrasonic
inspection. Note that a part of the test specimen is specifically
located in the area of ultrasonic indications to determine effect,

if any, on fatigue properties.

Table 2.1.4-IV presents the test results of the tensile tests
from the two test plates and Figure 2.1.4-7 is a photograph
of the failed test specimen. All failures were parent metal
failures and met the same properties as the parent plates.
Figures 2.1.4-8 and 2.1.4-9 are macrographs of the weld joint
of MR-1 and MR-2, respectively. The remainder of the tests
planned for these plates are in work and will be completed soon.
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Table 2.1.4-I11
ELECTRON BEAY WELD PROCEDURL DATA SHEELT
WELD LQUIPMENT S/N:

7
WELD PROCLUDRE No: (3)=]

REVISTION:
DATL:

ORIGINAL
H =222

PART No: _X722394\1-1/2
PART NAMET M, b, G. DRAG FITIING

TOOL X0: | \7*33.@4,!-_&‘1& :_

TYPE MAT'L__GAL MY _TATARNIMM

CLEANING sprc: JCP7L~1D\Q
FILAMENT ADJUST: LR MIUIHU
GUASS METER READTJG: *- 1.O

TYPE FILAMENT: 500 Ma

CUN TO WORK DISTANCE: S.5[) INCHES
WELD FOSITION: HORIZOWNA L
ANODE SIZE: M 5140

kKw = 13,49

TYPE JoINT: RUTT

BACK UP BLOCK MAT'L_ LALLMV T}
PUMP DOWH TIME: 20 MINUTES _
ANODE~-CATHODE SPACER: 425
GUN ANCLE_QQ° TO_ (033 SMREACE
FILAMENT-CATIODT. DIST. 282
CATHODE SIZE:___RK 25601} —

BEAM CURRENT sET11%6 b3 | 8 10 ]
Isly o]
nren vorracr seremne |3 15 LS|
21510
15 lo]
lelolo]
Lilolo]
lololo]
lololo ]
lolo]o]

FOCUS SETTING

TRAVEL SETTING

INITIAL VOLTAGE

FINAL VOLTAGE

INITIAL CURRENT

FIMNAL CURRENT

TACK WELD

AUTOMATIC RUN

131 6]0]

L T T T T

METER

METT.p 4.l olo]

METER 131510

DIRECTION X=AX'S 3
SLOPE le 1510l g
SLOPE [olo!o] :
SLOPE [_0__1_;5__|_9.J

SLOPE lo | wlo]

lo 15 ]o]
lololo]

MNOTOR START

SLOPE

NorES: MELD K.\wl SAOLL BT
MANIYTARED WIS B8,

Y Qv 75, S AT
BLE CHADGES T2 TS PROCENIRE 72/ e -
/ﬁ "4'://:‘/.4—

WS W LB, T e WL LD DAL AL,
AR A BT ONAL, -

ﬁ;—\." . - L9 L . - .\-14
LA S b S —
wee 4 b a . M

O S N T I ~ L W N QP

LRISVFCTAR_ SSINTTY o LT _
oPERAYOR : PAGSTINGS =a0 Lo =CRISP

ENGDitER: SANDERS .13 (4 L4o Ml
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. BOTTOM —]
/- € WELD OF PLATE
FTJ10940-1 13.35" e
FTJ10940-1 12.20" a
- - - ——
- . .700 50%
(]
F1J10940-142
11.05"
FTJ10940-142
ras || A

.450" 50%

+ 3.85" .450-.600" 100%

FTJ10940-99

' FTJ10940-99 2.55"

FTJ10940-99 1.25"

TR SRR
l .I

'
13 L}

NOTE: 1. Identify items as A MR-1-

2. All responses relative to 2/64 F.B.H.
3. X-Ray # 1K953

* Figure 2.1.4-5 MATERIAL ALLOCATION FOR MR-1 PLATE ELECTRON
BEAM WELD (6-4)
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] BOTTOM
§ OF OF PLATE
= JELD »
FTJ10940-1 M]”,,
Z 1 e 100
F1J10940-1 13 20"
- l o .300
- AI} - —
FTJ10940-99 10.75"
. .400
FTJ10940-99
9.45"
- R
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3. X-Ray # 1K954

Figure 2.1.4-6 MATERIAL ALLOCATION FOR MR-2 PLATE ELECTRON
BEAM WELL

NOTE: 1. Identify Items /\ as MR-2-
2. All Responses Rela~

¢ to 2/64 F.B.H.
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Table 2.1.4-1V

TENSILE PROPERTIES OF ELECTRON BEAM

WELDED TI-6AL-4V BETA ANNEALED TITANIUM 1.4" PLATE

SPECIMEN

PLATE TYS TUS
NO. NO. KSI KSI

ELONG. R.A.
% IN 2" %

LOCATION
OF FAILURE

MR 1-6
MR 1-7 1
MR 2-8 2
MR 2-9 2

AVG 122.0

1 120.8
121.7
122.1
123.3

130.5
131.6
131.5
133.3
131.7

8.0 18.4

7.5 19.2

7.5 19.7

8.0 21.3

7.8 19.7

M

M

PM

PM

NOTES

A.
B.
C.
D.

E.

TRANSVERSE WELD
0.505" DIA. TEST SECTION

EB WELDED BY MURDOCK MACHINE & ENGR. CO.

LONGITUDINAL GRAIN DIRECTION IN PARENT METAL

RMI HEAT 3004600
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Figure 2.1.4-8 MACROGRAPH OF WELD JOINT FROM MURDOCK
WELDED PLATE MR-1 (MAG 3X)
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Electron Beam Welding of 10 Nickel Steel - Electron beam
welding procedures for the 10 Nickel steel have now been estab-
lished and seven test plates have been welded and are now in the
process of being tested. They consist of five 603R100-11-3
assemblies identified as H89 through HY3 inclusive and two
603R100-11-1 assemblies identified as H94 and H95. The weld
schedules ate shown in Tables 2.1.4-V through -XI. A layout of
each test plate is shown in Figures 2.1.4-10 through -16. Each
test plate layout also shows the results of ultrasonic inspection.
The area where indications were found are noted and located with
depth shown. All but the panel identified as H91 were inspected
using a 4/64 flat bottom hole reference in accordance with FPS
1097. No indications exceeded 50% saturation except as

ncted. Panel H91 was inspected using a 2/64 flat bottom hole
reference and percentages noted are with respect to that
reference.

Two simulated tee sections identified as H99 and H100,
identical in configuration to the upper bulkhead caps except for
length, were welded using the weld procedure established for the
X7224091 and X7224071 upper caps for the forward and aft bulkheads.
A photograph of one of the welded tee sections is shown in Figure

1.4-17., The weld scnedules for these sections are shown in Tables
2.1.4-X11 and XIII. Ultrasonic inspection recorded minor indica-
tions shown in Figure 2.1.4-18 (Sheets 1 and 2, respectively),

A photomacrograph of the weld joint used for certification of
X7224091 is shown in Figure 2.1.4-19. Shrinkage cracks at the
bottom of the weld joint had been basically eliminated by using
additional power to drive the penetration into the back-up bar.

Sixteen transverse weld tensile specimens have been tested
and the data is shown in Tabl:z 2.1.4-XIV. A photograph of the
failed specimens from weld plates H89 and H91 is included as
Figure 2.1.4-20. Only two failures occurred in the weld metal;
H89-5 and H89-9. These specimen were purposely removed from known
defect areas to determine the effect of the defects on the weld
properties. It is interesting fo note that even in the completely
unacceptable GTA weld repair area ultimate and yield strengthsof
the parent material are obtained. Figure 2,1.4-21 is a photograph
of the failure in H89-5 and shows the very small porosity in the
EB weld joint. Figure 2.1.4-22 is a photograph of the failuré in
specimen ¥M89-9 which was removed from an unacceptable GTA weld
repair. The cracks in the weld specimen can readily be seen.

Four tensile specimens tested in the longitudinal direction
have been tested and the results are shown in Table 2.1.4-XV
and photographs of the failures shown in Figure 2.1.4-23.
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Table 2.1.4-V
ELECTRON BEAM WELDING SCHEDULE
Schedule Number AMAVS _ Date _4-15-74
_ Part Number 6 -11- Port Nome__Eng. Test (EBW) Materiol Type 10 Ni
QC Surial Number___ 402751 Tool Number Mal'l.Thick 1.5
Filler Wire Type Low Alloy Hy 180 Diometer . 062

10 Ni CR-MO-CO

Ht. No, 351361

PP

UPPER CONTROL PANEL

HV START MOTOR START HIGH VOLTAGE SPEED ADJUSTMFNT
Deloy Deloy Initiol KV Fingl initial and Finol
[0ToJr] [ofoTJo}| [a[ 2] [2T6l0] e
Seconds Seconds Slope Slops Run
FTefefl®__ [ETefo | [lo[z]  [[il7) | [T 1]
ATOR
amas x[] v FREQUENCY, KC [ | | 1 | Rance 117
atrenvarion, ¢ [ [T ] | METER RaNGE [ [ ] METER READING [ | [ |
) CENT PA SKETCH OF JOINT
BEZ~ CURAENT, Mz | HIGH VOLTAGE,KV TRAVEL, IPM
Pass | {316]0) 41:.]0 1] 2]0
Pass 2
Pass 3
FOCUS CURRENT METERJGUN FILAMENT METER | FILAMENT ADJUS™ POT]  TYPE OF JOINT
oc Amps. | [c]6 ] 8] AC Amps. ColzT ) Butt
GUN ELEMENTS
GUN TYPE, KV BIAS on [ Jo#t[x]
FILAMENT, MA  [5]0T0] METER, ACvoLTS [ [ [ ]
CATHODE, MA  [7 ][5 ]0] vourAGeE ApwusT. [ [ T ]
ANODE, Kv/MA 701510 | Face Focus
SPACER,  Inches [ [0 [0 ] GUN-TO-WORK DISTANCE, Inches 5 ]
OPERATOR'S STATION CONTROL
X -AXIS on [X] ot [ ] Y-AXIS on [ Jort[—]
DIRECTION Fud.{ | Re[x | DIRECTION Fud.[_JRev[ |
TRAVEL SPEED, IPM 1] 2.J0] TRAVEL SPEED, IFM [ [ ||
WIRE FEED on [Jo[X] ncHper MiNnuTE [ [T ]
BEAM ALIGNMENT (w]a] | focusaosust. [ [ T ]
4IGH VOLTAGE ADJUST. [Noked] | AVR Lock [__] Untock
X-Raoy Sericl Number Beam Current Trace
Magq. Inspecticn Operator N. E. Wedell
Acceptance Standard MR8 D Engineer__J. C., Collins

Matallurgical Exam.

Pr..cess Controf

First 4" defective - ground for full thickness repaired by manual GTA.
Remainder of root had incomplete penetration-Ground out 178" deep and

repaired ty GTA.
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Table 2.

1.4-VI

ELECTRON BEAM WELDING SCHEDULE

Schedule Number

AMAVS

o om S

B s

Date _4-16-74

Part Number 603R100-1

1-3 H90 Port Name

Eng Test (EBW)

Moterlol Type10 Ni (HY-180)

QC Serial Number_402755

Tool Number

Mat'. Thick 1.5

1-41 thru -50

Filler Wire Type

Diometer . 062

_Matl CSC 2500-5~

UPPER_ CONTROL PANEL
HV START MOTOR START HIGH VOLTAGE SPEED ADJUSTMENT
Delay Delay Initial KV Finol Initigl ond Fino!
lolo 1} lojoljoJ] lais].2] 2610 | NA
Seconds Se:onds Slope Slope Run
[ais]wso]ize]  [a]is[so]ec]izd) | [2 ] 0] 2] [ 0]1 7] CT 1]
OSCILLATOR
aas x[(] Y[ FREQUENCY, KC [ [ T ] | RANGE (T 1]
T AmioN, 0b [ ] T ] | metermrane [T ] METER READING[ | [ |
' TER CONTROL PAN SKETCH OF JOINT
BEAM CURRENT, MA | HIGH VOLTAGE, KV TRAVEL, IPM
pess | |3 810 415 1.0 1112 1.0
Poss 2
e A 212 1.0 112 1.0 .5" backup with .06" x
.187" groove.
FOCUS CURRENT METERKGUN FILAMENT METER | FILAMENT ADJUST POT}  TYPE OF JOINT

[_—_ED 0C Amps.

D:I:] AC Amps.

LT T] |__Bute

GUN ELEMENTS
6uN TYPe, kv [6 0 ] BIAS on [ Jott[X]
FILAMENT, MA  [5 Jo [0 ] METER, ACVOLTS [ [ T |
CATHODE, MA  [7 [5 [0 ] voLTAGE AdusT. [ [ [ ]

ANODE,  KV/MA [7 [s [o | Face Focus
SPACER,  ‘!aches [,1 [0 [0 ] GUN-TO-WORK DISTANCE, Inches | 3
OPERATOR'S STATION CONTROL
X - AXIS On off ) 1-AXIS on [_Jott[_]
DIRECTION Fwd.[ | Re[x | DIRECTION Fwo.[ | Rev[ |
TRAVEL SPEED, IPM (172 [.0] TRAVEL SPEED, iPv [ [ [ ]
WIRE FEED On [x O[]  INCH PER MINUTE 2nd pass

BEAM ALIGNMENT

[ Inal ]
HIGH VOLTAGE ADJUST. [ NDTED |  AVR

Focus ADJUST. [ | ]
Lock [ ] Untock

X-Ray 3eriol Numbar

Beam Current Trace

Mag. laspection

Operator N. E. Wedell

MRS D Enginter__J, C, Collins o

Acceptance Standard _
Metollurgiccl Exam.

Process Control
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Scheduie Number
Port Numbsr 603R100-~11-3 H91 Port Nams

QC Serlal Number F402754

Table 2.1.4-VII

ELECTRON BEAM WELDING SCHEDULE

AMAVS

Dote __ 4-17-74

Tool Number
Fitler Wire Type Low Allny HY-180

Eng Test (EBW)

Material Typs LONi (HY-180)

Mot Thick 1.530

Diamater .062

10 Ni CR-MO-CO

HT No. 51361
UPPER IR PAN
HV START MOTOR START HIGH VOLTAGE SPEED ADJUSTMENT
Delay Deloy Initial KV Final Initial and Final
[ofof1] f[ofojoJf [alsl2] [2]6]0] NA
Seconds Seconds Slope Slope Run
[Walolofsl  [{[efe[ef@ | ET0[Z] (ORI (111
QSCILLATOR ¥
s x[] [ FREQUENCY, KC [ | | ] | RANGE 113
ATTENVATION, Ob [ | [ ] | METER RANGE [ T | METER READING[ | | ]
TER CONTROL PAN SKETCH OF JOINT
BFAM CURRENT, MA | HIGH VOLTAGE,KV TRAVEL, IPM
tess | | 3[8 10 4] 5l0 12 1.0
Pass 2 | 11410 1/2 10 .5" backup with .06" x
Poss 3 .187" groove.

FOCUS CURRENT METER

GUN FILAMENT METER

FILAMENT ADJUST POT.

TYPE OF JOINT

1-1[5 0C Amps. AC Amps. [0]7 [ 6] Butt
2-5.80 GUN ELEMENTS
Gun TvPe, kv [6 0] BIAS on [ Jott[ ]
FILAMENT, MA  [5 [o Jo ] METER, ACVOLTS [ | | ]
CATHODE, MA [7 ][5 [0} voLTAGE ADWUST. [ | | ]

ANONS KV/MA 0
SPACER,  Inches {7 [0 [0 | GUN-TO-WORK DISTANCE, inches /
OPERATOR'S STATION CONTROL /
X - AXIS On off ] Y-AXIS on [ Jott[ ) /
DIRECTION Fud.[ ] Rev[X ] DIRECTION Fwd. JRev[ | ;
TRAVEL SPEED, IPM 112 1.0 TRAVEL speep, ipM [ [ | |
WIRE FEED On o] INCHPERMINUTE [2 5 | .0
BEAM ALIGNMENT [ [ [ ] rocus AovusT. [5 ] of21

HIGH VOLTAGE ADJUST. [ NDTED | AVR

Lock [ Untock [ |

Beam Current Trace

X-Rey Serial Number
#ag. Inspaction

Operator

N, E. Wededdl

Acceptence Standard

MRA D Enginesr_J. C. Collins

Metallurgical Exam.

Procass Control
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Table 2.1.4-VIII

it ELECTRON BEAM WELDING SCHEDULE

. Schedule Number___ AMAVS Date __4-17-74

Part Number 603R100-11- Port Nome_Eng Test (EBW) Moteriol Typd ONi (HY-180)

A Serial Number_ F-402753 Tool Number Mat'l. Thick 1,560

Filler Wire Type Low Alloy HY-180

Diometer 062
10 Ni CR-MO-CO

; HI No. 51361 -
UPPER CONTROL PANEL
c HV START MOTOR START HIGH VOLTAGE SPEED ADJUSTMENT
) Delay Delay Initial KV Finol Initial and Final
. [oToT:] [oToTol| Talslal NA
i Seconds Seconds Slope Slope Run
; Fleefsls  Fle[«s | [2[0]2] [OT1]7 (11
‘E‘ AT R A -
3 s xf] Y[ FREQUENCY, KC [ | T ] | RANGE C1T 1]
L ATTENUATION, Ob [ [ | | | METER RANGE [ T | METER READING[ | | |
o TER TROL_PAN SKETCH OF JOINT
- BEAM CURRENT, MA | HIGH VOLTAGE, KV TRAVEL, IPM
Poss | [3] 6]0 415 1.0 " Ll2].0
3 Pass 2 L] 4]0 212].0 1T2].0
Ry Pass 3 .5" backup with .06" x
0 .187" groove
9 FOCUS CURRENT METERfGUN FILAMENT METER | FILAMENT ADJUST POT{  TYPE OF JOINT
- ’ 1 -[5 2] 2] oc Amgs. AC Amps. o 1716 Butt
2-5.8 5 GUN ELEMENTS
. GUN TYPE, KV BIAS on [ Jofi[ x]
FILAMENT, MA  [s5] o] 0] METER, AcvoLTs [ [ T
CATHODE, MA 0 VOLTAGE ADUST. [ [ [ | i
: ANODE,  KV/MA [7[5]0] Face Focus 3
: SPACER,  Inches [ 1] 0] 0] GUN-TO-WORK DISTANCE, Inches {3 2
. OPERATOR'S STATION CONTROL %
ho &
4 X -AXIS On ot} Y-AXIS on [_Jott[ ] g
; DIRECTION: Fwd.[ ] Re[ X] DIRECTION Fud.[  JRev[ | §;
P TRAVEL SPEED, IPM 2 [.0] TRAVEL sPEED, iPw [ [ T ] 3
; WIRE FEED on [x] 0[] INCHPERMINUTE [ 215 ].0 ?
BEAM ALIGNMENT [ Ina] ] rocusapwust. [ T ]
‘ HIGH VOLTAGE ADJUST. [ NOTHD | AVR Lock [ ] Untock

X-Ray Seria! Number

Beam Current Trace

Mag. Inspection

Operator N. E. Wedell

Acceptance Standard

MRB D Engineer__J. C. Collins
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Table 2.1.4-IX
ELECTRON BEAM WELDING SCHEDULE
AMAVS Dote ___4-17-74

Schedule Number

Part Number603R100-11-3 H93 Part Neme Eng Test (EBW)

Matericl Type _10 Ni

QC Serial Number 402752 Tool Number

Mot'l. Thick _1,550

Filler Wire Type _Low Alloy HY-180

Diometer .062

10 Ni CR-MQ-CO

HT No. 51361

- —

UPPER CONTROL PANEL

HV START MOTOR START HIGH VOLTAGE SPEED ADJUSTMENT
Delay Delay Initiagl KV Final Initial and Final
lofofi] [ofoldol| lalslzi 2]el.ol NA
Seconds Seconds Slope Slope Run
FToMef  (feofafs | [ZTo[z] E]1[7] [T ]
OSCILLATOR
aas x[ ] Y[ FREQUENCY, KC [ | [ | | RANGE I 1]
ATTENUATION, b [ [ [ | | METER RANGE [ [ ] METER READING[ | [ ]
CSNTER CONTROQL PANEL SKETCH OF JOINT
BEAM CURRENT, MA | HIGH VOLTAGE,KV TRAVEL, IPM
Pass | [3] 8]0 415 1.0 1/21.0
Pass 2 |1 ] 4]0 212 10 112 1.0
Pass 3 .5" backup with 06" x
.187" groove.
FOCUS CURRENT METER|GUN FILAMENT METER | FILAMENT ADJUST POT]  TYPE OF JOINT
1 5.9 2]0cAmps. f [0]6 |8 | ACAmps. L0[7] 6] Butt

2 -5.90
GUN TYPE, KV
FILAMENT, MA

GUN ELEMENTS

BIAS on [ ] o[ x]

[5]0]0] METER, AcvoLTs [ [ [ |
caThobe, MA  [7 15 Jo

VOLTAGE ADJUST. l l l l

ANODE, KV/MA 0 Face Focus
SPACER,  Inches [.I [0 [O] GUN-TO-WORK DISTANCE, Inches [ 3].5]
OPERATOR'S STATION CONTROL
X -AXIS On off[_] Y-AXIS on [__Jott[ ]
DIRECTION Fud.[ ] Red[X ] DIRECTION Fud.[_ JRev[ |
TRAVEL SPEED, IPM (1] 21.0] TRAVEL SPEED, tPM [ [ [ ]
WIRE FEED On Off[ ]  INCH PER MINUTE .0

BEAM ALIGNMENT

Twal ] foous sowst [ [ ]

HIGH VOLTAGE ADJUST. [ NDTED |  AVR Leck [__] Unlock
X-Ray Serial Number Beam Current Trace
Mag. inspection Operator N. E. Wedell

Acceptance Stondard

Metailurgica! Exam.

MRBD Engineer_J. C. Collins
Process Conirol

2-62

e SERYY Yyl
PHEEREOGIR AT

—

Aviiei

J‘#
2
-

i

J:
o

i Sarrint ik

¥,
L2




Aoy
o)

gy "
TS T

ra
A R

R

S oo
IR

N SR

EEt
rf

R T R TR e R T L ey . ‘
B S e R S R R T T T

Table 2.1.4-X
ELECTRON BEAM WELDING SCHEDULE

Schedule Number ___ AMAVS

EAL D, SN st e TR Dyt g CSISTIER a0 S0 3SR st Rt s s b s - p .
PR R eIt W frastir Pt SRR SR By RO

Dote  4-20-74

Part Number 603R100-11-3 H94 Part Name__Eng Test (EBW)

QC Serial Number__ 402496 Tool Number

Filler Wire Type Low_Alloy HY-180

10 Ni CR-M0O-CO

Moteriol Type 10N1 (HY-180)
Mat'l.Thick 1.6
Diometer ., 062

HI No, 51361

UPPER CONTROL PANEL

HY START MOTOR START HIGH VOLTAGE SPEED ADJUSTMENT

Delay Delay Initiol KV Final Initio! and Final
lofofi] [ojojof} kisk2] {2]6].9 NA

Seconds Seconds Slope Slope Run
[eis]wfeofied]  [=]is[soeofied] | [2 O] 2] (T 1]

QSCILLATOR

aas x[ ] Y[ FREQUENCY, KC [ [ [ ] | RANGE CT 1
ATTENUATION, Ob [ T T 1 | METER RaneE [ T | METER READING[ [ T |

CENTER_CONTROL PANEL

SKETCH OF JOINT

BEAM CURRENT, MA HIGH VOLTAGE, KV

Pass 1 [ 318 10 4151.0
Pass 2 | 114 |0 2121.0
Pass 3

FOCUS CURRENT METER

TRAVEL, 1PM

1]2].0
112].0

.5" backup with .06" x
.187" groove.

TYPE OF JOINT

FILAMENT ADJUST PCT.

1 - 0C Amps. | {06 | 8] AC Amps. (0] 7[6] | ___Butt
GUN ELEMENTS
GUN TYPE, KV BIAS on [ ott[X ]
FILAMENT, MA  [5]0] 0] METER, AcvoLTs [ [ T ]
cATHoDE, MA [ 7] 5[ 0] vouraze aousT. [ [ [ ]
ANODE, v/MA L 7]l 5] 0] Face Focus
SPACER,  Inches [.1] 0] O] GUN-TO-WORK DISTANCE, Inches
OPERATOR'S STATION CONTRUL
X -AXIS On ot [ ] Y-AXIS on [_Jost{X]
DIRECTION Fwd.[ | Rev[ X] DIRECTION Fud.[  |Rev[ |
TRAVEL SPEED, IPM [1 T2 T.0o] TRAVEL SPEED, IPM [ [ T ]
WIRE FEED On off[ ] INCHPERMINUTE [ 2] 5.0
BEAM ALIGNMENT [ [nya[ | Focus aowust. [ [ T ]

HIGH VOLTAGE ADJUST.

AVR Lock [ Unlock

X-Ray Serig! Number

Beam Current Trace

Mag. Inspection

Operator N. E., Wedell

Acceptance Stondard

MR8 D Engineer _J. C. Collins

Metollurgicai Exam.

Process Control

. kit ok D K, Etiias,
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Table 2

.1.4-XI

ELECTRON BEAM WELDING SCHEDULE

Schedule Number AMAVS

Date __ 4-23-74

Part Number 603R 100-11-3 H-95 Part Name

Eng Test (EBW)

QC Serial Number 402495 Tool Number

10 Ni CR-M0O-CO

Moteriol T;p8 _10 Ni
Motl.Thick _ 1.6
Filler Wire Type Low Alloy HY-180 Diameter .062

HI _No. 51361

UPPER CONTROL PANEL

HV START MOTOR START
Dalay Delay

HIGH VOLTAGE
Initio! KV Fing!

SPEED ADJUSTMENT
initiat end Final

lolof1]

Lolola]| Lalsl.

2] o 1 6.0l NA

Seconds Seconds Slope

Slope Run

j=]15]wfsofizg]  []s]30]ed]ig)

|2]0|2|

rif7) | CILT]

ams x[] Y[
ATTENUATION, 0b [ T T ]

FREQUENCY, KC [ | [ | | RANGE
METER RANGE [ | |

ATOR

CL L]
METER READING[ | T ]

CENTER CONTROL PAMEL

SKETCH OF JOINT

BEAM CURRENT, MA HIGH VOLTAGE, KV
Pass ! | 31810 415 1.0

Pass 2 1144 10 21210
Pass 3

FCCUS CURRENT METERJGUN FILAMENT METER

1 - ;I oc Amps. | | 0f6 | 8] AC Amps.

TRAVEL, IPM
1 2].0
1 2!.0

FILAMENT ADJUST POT. TYPE OF JOINT

E 6 Butt

2 ~5.95 GUN

ELEMENTS

GUN TYPE, KV

FILAMENT, MA (5] 00
caThooe, MA  [7[s[o]
ANODE,  Kv/MA [7]s510]
SPACER,  Inches

BIAS on [ Joft[ x
METER, AcvoLts [ [ [ ]
voutAce ApvusT. [ [ [ |

Face Focus

GUN-TO-WORK DISTANCE, Inches |3

STATION CONTROL

X -AXIS
DIRECTION

TRAVEL SPEED, IPM

WIRC FEED
BEAM ALIGNMENT

on [x]off[ ]
LT T ]

HIGH VOLTAGE ADJUST. | NoTdD | AVR

Y-AXIS on [_Jot[ ]

DIRECTION Fud.[ | Bev] |

TRAVEL SPEED, 1PM [ | | |
INCH PER MIt:UTE [ 2 [ 5 | ¢ |
FOCUS ADJUST. | 5 |.2

Lock [ ] Unlock ]

X-ngy Seriol Number

Beam Current Trace

Mag. Inspection

Operator N. E. Wedell

Acceptonce Stondord

MRB D Engineer__J. C. Collins

Metallurgicel Exam.

Process Control
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Table 2.1.4-XI1
ELECTRON BEAM WELDING SCHEDULE

T R TN T S F s SRR

Schedule Number Dote 5-1-74

Part Number H-99 Part Name _Producibility Test Moteriol Typs _ 10 Ni
Seriol Number____Tee Section Tool Number ___T17315 Mot'h. Thick __1.83
Filler Wire Typs Low Alloy (Hy-180) Digmeter .062

10 Ni CR-MO-CO
Ht, No. 51361

i 4 UPPER CONTROL PANEL
HV START MOTOR START HIGH YOLTAGE SPEED ADJUSTMENT
i Deloy Delay fnitia! KV Final initiol and Finol
[ofofa } [ofoJoJf [a]sf2] [{2]6]o] NA
{f Seconds Seconds Slope Slope Run
»& el sfwfecfid  [gTws[sofsoled | [5To 2] LL L]
o8
7 QSCILLATOR
aas x[] Y[ FREQUENCY, KC [ [ [ | | Rawee 11
- ATTENUATION, Db [ [ [ ] | METER RANGE [ [ | METER READING[ | T ]
5 CENTER CONTROL PANEL SKETCH OF JOINT
4 BEAM CURRENT, MA | HIGH VOLTAGE,KV TRAVEL, IPM
jj Pass | |3 160 4] 6] .0 1f2}.
A Poss 2 |13 }0 2} 2] .0 112].0
e Pass 3
4
FOCUS CURRENT METERJGUN FILAMENT METER | FILAMENT ADJUST POT|  TYPE OF JOINT
1- 0C Amps. | [0 [6 |8 | AC Amps. (o] 7] 6] Butt tee
2- 5.9 5 GUN ELEMENTS
4 GUN TYPE, KV BIAS on [ Jott[x]
3 FILAMENT, MA [ 5[ oo ] METER, acvoLTs [ [ [ ]
3 cATHODE, MA [ 7[ 5[0 ] vourace abwusT. [ | [ |
4 ANODE,  Kv/MA [ 7] 50 | Face Focus
b SPACER,  Incnes [ .1[ 0o ] GUN-TO-WORK DISTANCE, Inches (4.95) E
4 OPERATOR'S STATION CONTROL a
g X -AXIS on [Joft[x] Y-AXIS on [xJort[ ] ?g
4 DIRECTION Fwd[ | Re[ | DIRECTION Fud.[  JRev[ x| 4
TRAVEL SPEED, IPM C T 11 TRAVEL SPEED, IPM [ 1T 2 [.o0| :
WIRE FEED on [ Joft[x ]  INCH PER MINUTE
BEAM ALIGNMENT [ [l ]  FOCUS ADJUST.
HIGH VOLTAGE ADJUST. [ FOTED 1  AVR Lock [__] Unlock
L X-Ray Serial Number
& Mag. Inspection __ Operator N. E, Wedell
e Acceptonce Stondord MR8 0 Engineer J. C, Collins
‘, Metallurgicol Exam. Process Control
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ELECTRON BEAM WELDING SCHEDULE

Tabie 2.1.4-XIII

Schedule Number

Part Number H-100

Serial Number

Date 5-2-74
Part Name Producibility Test Moteriol Type 10 Ni_(Hy~180)
Tool Number ___T17315 Mat'l. Thick _ 1.6
Tee Section Filler Wire Type Low Alloy (Hy-180) Diameter .062

10 Wi_CR-MO-CO

He, No, 51361

UPPER CONTROL PANEL

Metallurgical Exam.

Process Control

2-74

HV START MOTOR START HIGH VOLTAGE SPEED ADJUSTMENT

Delay Delay Initiol KV Finol {nitio! and Final

Lolofn | lofoJoJ}| lelsf.of 2] efo VA ¥

Seconds Seconds Stope Slope Run '
4 (o sToleofs]  [aTofeofeofes | [lolz]  [olul7] (T 1]
o OSCILLATOR 9
: s x[] Y[ FREQUENCY, KC [ | ] ] | RANGE CT 1] 1
ATTENUATION, b [ | T ] | MeTer rance [ T ] METER READING[ | [ ]
CENTER CONTROL PANEL SKETCH OF JOINT
- BEAM CURRENT, MA | HIGH VOLTAGE, KV TRAVEL, IPM
Poss | [3 [6 [0 416].0 1[2].0 ]
Pass 2 11 13 |0 2]2].0 1]2].0
k- Pass 3
FOCUS CURRENT METERJGUN FILAMENT METER | FILAMENT ADJUST POT|  TYPE OF JOINT g
bt R
g 1- 0C Amps. | | o 6] 8] AC Amps. o [71]6] Tee butt with backup f%’
3 2-5 .9 5 GUN ELEMENTS
o GUN TYPE, KV BIAS on [ Jo#[x] 3
3 FILAMENT, MA [ sTo o | METER,AcVOLTS [ [ T | F
CATHODE, MA [ 7[5 Jo | voLtAGe ApusT. [ [ T ] :

ANODE, KV/MA Face Focus ;;:

SPACER,  Inches [ 1[0 [0 | GUN-TO-WORK DISTANCE, Inches :

OPERATOR'S STATION CONTROL f

X -AXIS on [_Jott[ ] Y-AXIS on (X Jott[_] i

DIRECTION Fud.[ | Rev| | DIRECTION Fwd.[ | Rev[x ] i

TRAVEL SPEED, IPM CT 11 TRAVEL SPEED, 1PM [ 1 ]2 [o |

WIRE FEED on [ Jorf[x] ncHPERMINUTE[ [ | | {

BEAM ALIGNMENT [ | | |  FOCUS ADJUST. s

4 HIGH VOLTAGE ADJUST. AVR Lock ] Unlock [ x| e
X-Roy Serial Number %f
g Mag. Inspection ODEYOI'OI N, E. Wedell : ‘
. Acceptonce Stondard MR8 D Engineer__ J. C. Collins :
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RESPONSE TO 4/64 FBH WITH
DEPTH LOCATION NOTED. <25%
TENATIVE ESTIMATED AT LESS
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Figure 2.1.4-18 NDI ULTRASONIC INDICATIONS SIMULATED
UPPER CAP H99 & H100 (Sheet 1)
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H95-2 is shown for comparison with transverse
specimen size and failure appearance.
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Miniature specimens were used in order to maintain the greatest
percentage of EB weld possible in the test section. The size

can be compared with the full size H95-2 specimen which is included
in the photograph.

Sixteen Charpy V-Notch impact test specimens have i:een
tested at 0°F and the date gencrated is shown in Table 7.1.4-XVI,
Specimens were located i: inown areas of defects, both
acceptable aid unacceptable. Photogiaphs of the fracture
from weld plates H-89 and ii-91 are shown in Figures
2.1.4-24, -25 and -26 &ind minor 1e”ects can be seen in the
fractures. Figure 2.1,4-.7 1s a phntograpt of the fractures of
specimens removed from an .nar:ptble GTA weld repair area, and

the results at 0OF are unusuaiiy good considering the magritude
of the weld deafeer. .,

The efiicz of notch !o-otion with respect to weld line was
also explored :. noted in Table 2.1.4-XVI, Figwe 2,1.4-28
shows the loca’ion of the Charpy notch with respect to the weld
zones and the results oi:tajved. Fijure 2.1.4-29 is a photograph
of the fracvure face at «ciow. weld zones.

Mocrooaphs of “ne weld joints in panels H89 and H91 are
shown in Figures 2.1.4-30 and 31. Note that panel H89 had a i
weld repair made along the bottom of the plate which is noted